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CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of U.S. provisional application Serial No. 
60/077,763, filed on March 12, 1998. 

Allergy to peanut is a significant health problem because of the prevalence and 
potential severity of the reaction. Ara h 1, a major peanut allergen, has been isolated and 
characterized and was shown to consist of 626 amino acids and contain 23 linear IgE-binding 
epitopes, 6-10 residues in length. The amino acids important for peanut-specific IgE binding 
were determined by synthesizing wild type and mutant peptides with single alanine, glycine 
or methionine substitutions at each position followed by incubation in pooled serum from 
patients with peanut hypersensitivity. From this analysis it was determined that amino acids 
which reside in the midele of the epitope were generally more critical for IgE binding. 
Furthermore, though polar charged residues occur most frequently within the epitopes, 
apolar residues were found to be more important for IgE binding. In addition, it was found 
that each epitope could be mutated resulting in loss of ability to bind IgE with only a single 
amino acid substitution. To further characterize the epitopes a homology-based molecular 
model of the Ara h 1 protein was made. The model represents residues 171-586 allowing 
visualization of epitopes 10-22. The majority of these epitopes appear to be clustered to 
certain areas of the molecule. Many of the critical amino acids involved in binding are 
evenly distributed on the surface and not buried in the hydrophobic core. The information 
from the mutational analysis along with the molecular model aids in the design of 
immunotherapies. 
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Biochemical And Structural Analysis Of The IgE Binding Sites On Ara h 1, 
An Abundant and Highly Allergenic Peanut Protein 

Allergy to peanut is a significant IgE'-mediated health problem because of the high 

prevalence, potential severity, and chronicity of the reaction. Ara h 1, an abundant peanut 

protein, is recognized by serum IgE from >90% of peanut sensitive individuals. It has been 

shown to belong to the vicilin family of seed storage proteins and contain 23 linear IgE- 

binding epitopes. In this communication we have determined the critical amino acids within 

each of the IgE binding epitopes of Ara h 1 that are important for immunoglobulin binding. 

Surprisingly, substitution of a single amino acid within each of the epitopes led to loss of 

IgE binding. In addition, hydrophobic residues appeared to be most critical for IgE binding. 

The position of each of the IgE binding epitopes on a homology-based molecular model of 

Ara h 1 showed that they were clustered into two main regions, despite their more even 

distribution in the primary sequence. Finally, we have shown that Ara h 1 forms a stable 

trimer by the use of a reproducible fluorescence assay. This information is important in 

studies designed to reduce the risk of peanut-induced anaphylaxis by lowering the IsE 

binding capacity of the allergen. 

INTRODUCTION 

It is estimated that up to 8% of children and 2% of adults have allergic reactions to 
foods (1-3). Peanut allergy is one of the most common and serious of the immediate 
hypersensitivity reactions to foods in terms of persistence and severity of reaction. Unlike 
the clinical symptoms of other food allergies, the reactions to peanuts are rarely outgrown, 
therefore, most diagnosed children will have the disease for a lifetime (4,5). In a sensitized 
individual, ingestion of peanuts results in mast cell bound IgE binding to a specific allergen. 
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The IgE-allergen complex causes mast cell receptors to cross-link, inducing a signal 
transduction cascade that ends in degranulation, and release of a variety of mediators that 
give rise to the clinical symptoms of peanut hypersensitivity (6,7). The majority of cases of 
fatal food-induced anaphylaxis involve ingestion of peanuts (8,9). Currently, the only 
effective treatment for food allergy is avoidance of the food. For peanut allergic individuals 
total avoidance is difficult as peanuts are increasingly being used in the diet as an 
economical protein source in processed foods. 

Because of the significance of the allergic reaction and the widening use of peanuts 
as protein extenders in processed foods, there is increasing interest in defining the allergenic 
proteins and exploring ways to decrease the risk to the peanut-sensitive individual. Various 
studies over the last several years have identified the major allergens in peanuts as belonging 
to different families of seed storage proteins (10,11). For example, two of the major peanut 
allergens Ara h 1 and Ara h 2 belong to the vicilin and conglutin families of seed storage 
proteins, respectively. The vicilins represent one of the most abundant proteins found in 
legumes used for human consumption. This class of proteins does not have any known 
enzymatic activity but are thought to interact with each other to form unique higher order 
oligomeric structures which may help in packaging these proteins into seeds (12). Because 
the vicilins represent such a large percentage of the total protein in a seed, any approach 
designed to alter the IgE binding capacity of this protein would require that the genetically 
engineered gene product retain its native function, properties and three-dimensional 
structure. 

Genetically modified plants are being used more frequently as food sources for 
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human consumption. The major emphasis has been on the introduction of genes whose 
products would enhance the nutritional value or disease resistance of the transgenic plant. 
One of the major concerns of this approach is that a gene will be introduced that encodes 
an unwanted or unknown allergen that would put allergic individuals at risk. Indeed, the 
introduction of a gene encoding a major Brazil nut allergen into soybeans, ostensibly to 
increase the nutritional value of soybeans, is a prime example (13). In cases where allergens 
are transferred into plants, consumers must be informed of the existence of the allergen by 
labeling as suggested by the United States Food and Drug Administration. In addition, a 
range of tests that compare the physicochemical properties of known allergens with 
expressed trangenic products has been proposed for those gene products of unknown 
allergenicity (14-16). Currently, there is little known about the physicochemical properties 
of many of the plant allergens and there have been few investigations aimed at modifyina 
allergenic proteins. 

Previous work on the allergenic aspects of the Ara h 1 protein has shown that it is 
recognized by serum IgE from >90% of peanut sensitive individuals, indicating that it is a 
major allergen involved in the clinical etiology of this disease (17). Recently, using pooled 
serum IgE from a population of peanut hypersensitive individuals, 23 linear IgE bindina 
epitopes of this allergen have been mapped (10). There was no obvious sequence motif 
shared by the epitopes. In this communication we have determined the critical amino acids 
within each of the IgE binding epitopes of Ara h 1 that are important to immunoglobulin 
binding. Surprisingly, substitution of a single amino acid within each of the epitopes led to 
loss of IgE binding. In addition, the hydrophobic residues located in the center of the 
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epitope appeared to be most critical to IgE binding. The position of each of the IgE 
binding epitopes on a homology-based tertiary structure model of Ara h 1 showed that they 
were clustered into two main regions. This was in contrast to previous observations that 
showed the IgE binding epitopes distributed along the linear sequence of the molecule. 
Finally, we have shown that, like other vicilins, Ara h 1 forms a stable trimer by the use of 
a reproducible fluorescence assay. This assay will allow for the rapid assessment of the 
effect that amino acid changes in Ara h 1 primary sequence have on tertiary structure. This 
information will be important in studies designed to reduce the risk of peanut-induced 
anaphylaxis by lowering the IgE binding capacity of the allergen. 
METHODS 

Serum IgE. Serum from 15 patients with documented peanut hypersensitivity 
reactions (mean age, 25 yrs) was used to determine relative binding affinities between wild 
type and mutant Ara h 1 synthesized epitopes. The patients had either a positive double- 
blind, placebo-controlled, food challenge (DBPCFC) or a convincing history of peanut 
anaphylaxis (laryngeal edema, severe wheezing, and/or hypotension; 18). At least 5 ml of 
venous blood was drawn from each patient, allowed to clot, and serum was collected. A 
serum pool from 12 to 15 patients was made by mixing equal aliquots of serum IgE for our 
experiments. The pools were then used in immunoblot analysis. All studies were approved 
by the Human Use Advisory Committee at the University of Arkansas for Medical Sciences. 

Peptide synthesis. Individual peptides were synthesized on a derivatized cellulose 
membrane using 9-fluorenylmethoxycarbonyl (Fmoc) amino acid active esters according to 
the manufacturers instructions (Genosys Biotechnologies, Woodlands, Texas; 19). Peptide 
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synthesis reactions were monitored by bromophenol blue color reactions during certain steps 
of synthesis. Cellulose derivitised membranes and Fmoc-amino acids were supplied by 
Genosys Biotechnologies. All other chemicals were purchased from Aldrich Chemical 
Company, Inc. (Milwaukee, WI) or Fluka (Buchs, Switzerland). Membranes were either 
probed immediately or stored at -20°C until needed. 

IgE binding assays. Cellulose membranes containing synthesized peptides were 
washed 3 times in Tris-buffered saline (TBS; 136 mM NaCl, 2.7 mM KC1, and 50 mM 
trizma base pH 8.0) for 10 min at room temperature and then incubated overnight in 
blocking buffer: [TBS, 0.05% tween 20; concentrated membrane blocking buffer supplied 
by Genosys; and sucrose (9.0:1.0:0.5)]. The membrane was then incubated in pooled sera 
diluted 1:5 in 20mM Tris-Cl pH7.5, 150mM NaCl, and 1% bovine serum albumin overnight 
at 4° C. Primary antibody was detected with 12 T-labeled equine anti-human IgE (Kallestad. 
Chaska, MN), followed by autoradiography. 

Quantitation of IgE binding. Relative amounts of IgE binding to individual peptides 
were determined by scanning autoradiographs using a Bio-Rad (Hercules, CA) model GS- 
700 imaging laser densitometer and quantitated with Bio-Rad molecular analyst software. 
A background area was scanned and subtracted from the obtained values. Following 
quantitation, wild type intensities were normalized to a value of one and the mutants were 
calculated as percentages relative to the wild type. 

Homology based model of Ara h 1. Molecular modeling and computations were 
performed on Silicon Graphics workstations running IRIX 6.2. The Wisconsin Genetic 
Computer Group (GCG) software package (20) was also used on a digital ALPHA 
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workstation using Open VMS v6.1. The X-ray crystal structure of the phaseolin A chain 2 
(PDB #2PHL A, 2.2 D resolution) from Phaseolus vulgaris was used as the template for 
homology-based modeling (12,21,22). Ara h 1 was modeled as a monomer using the 
COMPOSER module of SYBYL version 6.3 from Tripos Inc. (St. Louis, MO). Phaseolin 
is a smaller protein than Ara h 1 and it only allowed for the modeling of the region between 
residues 172-586. Residues Ser211 - Asp219 and Asn281 - Lys282 on the structure of 
phaseolin were not solved because of low electron density (12). Before attempting to use 
the structure for modeling, the regions were constructed using the protein loop search 
option in SYBYL and minimized using local annealing and the Powell algorithm. 

Alignment between Ara h 1 and phaseolin was determined using COMPOSER and 
was optimized with information from alignment of Ara h 1 to other vicilin homologs using 
the GCG pileup program. Following alignment, structurally conserved regions were 
constructed. Loops were then added using orientations to fragments from x-ray crystal 
structures in the SYBYL database following homology searches and fitting screens. The 
model was minimized with the CHARMM force field using the Adopted Basis Newton- 
Raphson method using QUANTA version 96 from Molecular Simulations Inc./BIOSYM 
(Burlington, MA). The protein backbone was given a harmonic force constraint constant 
of 500 to hold it rigid during the first 400 iterations of minimization, followed by relaxation 
with 100 steps each at constraints of 400. 300, 200, 100 and a final 400 steps with a 
constraint of 10 (23,24). 

Fluoresence anisotropy of Ara h 1 higher order structure. Ara h 1 was purified to >95% 
homogeneity from crude peanut extract and labeled with flourescein 3 . A constant amount 



8 




of the labeled protein, 10 nM, in binding buffer (50 mM Tris, ImM EDTA, lOOmM NaCl. 
2mM DTT, 5% glycerol, pH 7.5) was mixed with serial dilutions (by 0.5 or 0.8 increments) 
of unlabeled Ara h 1 to analyze oligomer formation. Fluorescence measurements were 
made using a Beacon fluorescence polarization spectrometer (Pan Vera, Madison, WI) with 
fixed excitation (490 nm) and emission (530 nm) wavelengths at room temperature (24 °C) 
in a final volume of 1.1 ml (25,26). Each data point is an average of three independent 
measurements. The intensity of fluorescence remained constant throughout the anisotropy 
measurements. 

Cross linking experiments: Cross linking experiments were done exactly as described 
in Maleki et al. (27). Briefly, proteins were desalted into PBS, pH 8.0 using disposable PD- 
10 gel filtration columns. The protein cross-linking reagent utilized was 
dithiobis(succinimidyl propionate) (DSP). Limited cross-linking was performed so the 
monomer disappearance could be observed and to minimize the formation of nonspecific 
complexes. 
RESULTS 

IgE-binding characteristics of the Ara h 1 epitopes. The amino acids essential to IgE 
binding in the Ara h 1 epitopes were determined by synthesizing duplicate peptides with 
single amino acid changes at each position. These peptides were then probed with pooled 
serum IgE from 15 patients with peanut hypersensitivity to determine if the changes affected 
peanut-specific IgE binding. An immunoblot strip containing the wild-type and mutated 
peptides of epitope 9 is shown in Fig. 1. Binding of pooled serum IgE to these individual 
peptides was dramatically reduced when either alanine or methionine was substituted for 
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each of the amino acids at positions 144, 145, and 147-150. Changes at positions 144, 145, 
147, and 148 had the most dramatic effect when methionine was substituted for the wild 
type amino acid, resulting in less than 1% of peanut specific IgE binding to these peptides. 
In contrast, the substitution of an alanine for arginine at position 152 resulted in increased 
IgE binding. The remaining Ara h 1 epitopes were tested in the same manner and the 
intensity of IgE binding to each spot was determined as a percentage of IgE binding to the 
wild-type peptide (Table 1). Each epitope could be mutated to a non-IgE binding peptide 
by the substitution of a single alanine or methionine residue. 

The amino acids within each epitope were classified according to whether they were 
hydrophobic (apolar), polar, or charged residues (Fig. 2). There were a total of 196 amino 
acids present in the 21 epitopes of Ara h 1 that were studied. Charged residues occurred 
most frequently (89/196), with hydrophobic residues (71/196) being the next frequent type 
of amino acid in the epitopes, and polar residues representing the least frequent amino acid 
group (36/196). Thirty-five percent of the mutated hydrophobic residues resulted in loss of 
IgE binding (<1% IgE binding), while only 25% and 17% of mutated polar and charged 
residues, respectively, had a similar effect. These results indicated that the hydrophobic 
amino acid residues within these IgE binding epitopes were the most sensitive to changes. 
In addition results from this analysis indicated that the amino acids located near the center 
of the epitope were more critical for IgE binding. 

Location of the IgE binding epitopes on the 3-D structure of Ara h 1. A homology-based 
model of Ara h 1 tertiary structure was generated to determine the location of the epitopes 
on this relatively large allergenic molecule. To construct this model, the primary amino acid 
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sequence of Ara h 1 was aligned to the highly homologous protein phaseolin, for which x-ray 
crystal structure data was available (Fig. 3). The quality of the Ara h 1 model was assessed 
using the protein health module of QUANTA and PROCHECK version 2.1.4 (28) from 
Oxford Molecular Inc. (Palo Alto, CA) and compared to the quality of the structures of 
phaseolin and canavalin 4 (21,22,29). Most of the backbone torsion angles for non-glycine 
residues lie within the allowed regions of the Ramachandran plot (Fig.4). Only 1.4% of the 
amino acids in the Ara h 1 model have torsion angles that are disallowed as compared to 
0.3% and 0.6% of amino acids in phaseolin and canavalin, respectively (Table 2). In 
addition, the number of buried polar atoms, buried hydrophilic residues, and exposed 
hydrophobic residues in the Ara h 1 model are comparable to those found in the structures 
of phaseolin and canavalin (Table 2). Taken together these data indicate that the 
homology-based model of Ara h 1 tertiary structure is reasonable and similar to the 
structures of other homologous proteins that have been solved. The global fold of the Ara 
h 1 molecule and the position of epitopes 10-22 are shown in Fig. 5A. The tertiary structure 
of the molecule consists of two sets of opposing anti-parallel 0-sheets in swiss roll topology 
joined by an inter-domain linker. The terminal regions of the molecule consist of a-helical 
bundles containing three helices each. Epitope 12 resides on an N-terminal a-helix while 
epitopes 20 and 21 are located on C-termina! a-helices. Epitopes 14, 15, and 18 are 
primarily /3-strands on the inner faces of the domain and epitopes 16, 17, 19, and 22 are 0- 
strands on the outer surface of the domain. The remainder of the epitopes are without a 
predominant type of higher secondary structure. A space filled model depicting the surface 
accessibility of the epitopes and critical amino acids is shown in Fig. 5B. Of the 35 residues 
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that affected IgE binding, 10 were buried beneath the surface of the molecule, and 25 were 
exposed on the surface. 

Ara h 1 interacts with itself to form a stable trimeric structure. A rapid, reproducible 
fluorescence assay was developed in order to determine if the peanut allergen formed higher 
order structures similar to those observed for soybean vicilins. Purified, fluorescein labeled 
Ara h 1, 10 nM, was mixed with various concentrations of unlabeled Ara h 1. The 
anisotropy of fluorescence observed at each concentration was then determined and plotted 
as milli-anisotropy units (mP in arbitrary units) versus the concentration of Ara h 1 (Fig. 6). 
Measurement of fluorescence anisotropy reveals the average angular displacement of the 
fluorphor, which is dependent on the rate and extent of rotational diffusion. An increase 
in the size of the macromolecule through complex formation results in decreased rotational 
diffusion of the labeled species, which in turn results in an increase in anisotropy. The 
plateaus observed at protein concentrations between 0 and 20 nM and between 200 nM and 
2 aaM indicate the presence of a homogeneous species at these concentrations. The sharp 
increase in anisotropy observed at concentrations of Ara h 1 above 50 nM indicates that a 
highly cooperative interaction between Ara h 1 monomers had occurred that results in the 
formation of a stable homo-oligomeric structure. In order to determine the stoichiometry 
of this interaction, cross-linking experiments were performed, followed by SDS-PAGE 
analysis of the cross-linked products (Fig. 6, inset). Ara h 1 oligomers representing samples 
taken at the 200 nM concentration were subjected to limited chemical cross-linking with 
DSP. Cross-linked and non-cross-linked samples were resolved by SDS-PAGE and 
visualized by Coommassie staining of the gel. We found that limited cross-linking at 1 /j.M 
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DSP results in the formation of an electrophoretically stable complex with an apparent 
molecular mass of approximately 180 kDa, appropriate for an Ara h 1 trimer. 
DISCUSSION 

Food allergies are mediated through the interaction of IgE to specific proteins 
contained within the food. While the IgE binding epitopes from the major allergens of cow 
milk (30), codfish (31), hazel (32), soy (33) and shrimp (34) have all been elucidated there 
have been few, if any, characteristics found in common with these binding sites. Our work 
on the IgE binding epitopes of Ara h 1 also indicates that there is no common amino acid 
sequence motif found in all epitopes (10). However, we have determined that once an IgE 
binding site has been identified it is the hydrophobic amino acid residues that appear to play 
a critical role in immunoglobulin binding. The observation that alteration of a single amino 
acid leads to the loss of IgE binding in a population of peanut-sensitive individuals is 
significant because it suggests that while each patient may display a polyclonal IgE reaction 
to a particular allergen (10,11), IgE from different patients that recognize the same epitope 
must interact with that epitope in a similar fashion. Besides finding that many epitopes 
contained more than one residue critical for IgE binding, it was also determined that more 
than one residue type (ala or met) could be substituted at certain positions in an epitope 
with similar results. This allows for the design of a hypoallergenic protein that would be 
effective at blunting allergic reactions for a population of peanut sensitive individuals. 
Furthermore, a peanut where the IgE binding epitopes of the major allergens have been 
removed prevents the development of peanut hypersensitivity in individuals genetically 
predisposed to this food allergy. 
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The characteristics that have been attributed to allergenic proteins include their 
abundance in the food source, their resistance to food processing, and their stability to 
digestion by the gastrointestinal tract (14,15). The major peanut allergen, Ara h 1, has been 
shown to be an abundant protein (35) that survives intact most food processing methods 

(36) , and is stable to digestion in in vitro systems designed to mimic the gastrointestinal tract 

(37) . However, the physical characteristics that allow this protein to exhibit these properties 
have not previously been examined. Our observations on the tertiary structure of the Ara 
h 1 monomer and the determination that this protein readily forms a trimeric complex may 
help to determine why this protein is allergenic. For example, we have described the 
tertiary structure of the Ara h 1 protein as consisting of two sets of opposing anti-parallel 
^-sheets in swiss roll topology with the terminal regions of the molecule consisting of a- 
helical bundles containing three helices apiece. While there are numerous protease 
digestion sites throughout the length of this protein, the structure may be so compact that 
potential cleavage sites are inaccessible until the protein is denatured. In addition, the 
formation of a trimeric complex and further higher order aggregation may also afford the 
molecule some protection from protease digestion and denaturation and allow passage of 
Ara h 1 across the small intestine. It has been shown that some atopic individuals transfer 
more antigen across the small intestine in both the intact and partially degraded state (38). 
These physical attributes of the Ara h 1 molecule may help to explain the extreme 
allergenicity exhibited by this protein. 

The only therapeutic option currently available for the prevention of a peanut 
hypersensitivity reaction is food avoidance. Unfortunately, for a ubiquitous food such as 



14 



peanut, the possibility of an inadvertent ingestion is great. This is complicated by the fact 
that all of the peanut allergens identified to date have sequence homology with proteins in 
other plants. This may explain the cross-reacting IgE antibodies to other legumes that are 
found in the sera of patients that manifest clinical symptoms to only one member of the 
legume family (39). The elucidation of the position of the Ara h 1 IgE binding epitopes 
clustered on the surface of the molecule enables us to better understand why these regions 
elicit the clinical symptoms associated with peanut hypersensitivity. Perhaps the presentation 
of multiple, clustered epitopes to mast cells results in a more efficient and dramatic release 
of mediators that result in the more severe clinical symptoms observed in patients with 
peanut hypersensitivity. We are currently exploring this possibility by comparing the IgE 
binding epitopes and tertiary structures of other legume allergens. 

Finally, it has been suggested that an altered Ara h 1 gene could be developed to 
replace its allergenic homologue in the peanut genome, thus blunting allergic reactions in 
sensitive individuals who inadvertently ingest this food (10). Since the Ara h 1 gene product 
is such an abundant and integral seed storage protein, it would be necessary for the altered 
vicilin to retain as much of its native function, properties, and three-dimensional structure 
as possible. The data presented here indicate that development of a hypoallergenic vicilin 
is feasible. However, the effect of altering critical amino acids within each of the IgE 
binding epitopes has on the properties of this seed storage protein is currently unknown. 
Given the widespread use of peanuts in consumer foods and the potential risk this poses to 
individuals genetically pre-disposed to developing peanut allergy and to the health of 
individuals already peanut sensitive, this approach is currently being explored in our 



15 




• 



laboratories. 
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polyacrylamide gel electrophoresis. 
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3. Maleki et al., manuscript in preparation. 

4. The atomic coordinates for the crystal structure for this protein can be accessed through 
the Brookhaven Protein Data Bank under PDB #1CAU (29). 

5. The amino acid sequence of this protein can be accessed through the GenBank database 
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under GenBank Accession Number L34402 (17). 
FIGURE LEGENDS 

Fig. 1. Single amino acid changes to epitope 9 result in loss of IgE binding to this epitope. 

Epitope 9 was synthesized with an alanine (Panel A) or methionine (Panel B) residue 
substituted for one of the amino acids and probed with a pool of serum IgE from 15 
patients with documented peanut hypersensitivity. The letters across the top of each panel 
indicate the one-letter amino acid code for the residue normally at the position and the 
amino acid that was substituted for this residue. The numbers indicate the position of each 
residue in the Ara h 1 protein. WT, indicates the wild-type peptide (no amino acid 
substitutions). 

Fig. 2. Hydrophobic amino acids are more critical to IgE binding. The type of each amino 
acid within the Ara h 1 epitopes was assessed relative to its importance to IgE bindins. The 
closed boxes represent the total number of a particular type of amino acid residue found in 
all of the Ara h 1 epitopes., while the open boxes represent the number of that type of 
residue which, when replaced, was found to result in the loss of IgE binding. 
Fig. 3. Alignment of the primary amino acid sequences and the a-carbon structural 
alignment of Ara h 1 and the phaseolin A chain. The upper panel represents the single 
letter amino acid code for Ara h 1 residues 172-586 (top line) and all of the phaseolin A 
chain (bottom line). The structurally conserved regions, shown in bold type, were used to 
develop the initial backbone of the Ara h 1 model. The other regions were used in protein 
loop searches to complete the tertiary structure of Ara h 1, Panel B represents the a-carbon 
alignment of the final model of Ara h 1 (white) vs the phaseolin A chain (yellow). Labeled 
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residues Asnl and Arg415 represent the N- and C- terminus of the Ara h 1 model, 
respectively. Areas between labeled amino acids Asnl69-Vall93, Val212-Gly221, Phe240- 
Pro226, and Arg300-Asn323 represent areas of structural uncertainty due to insertions in 
Ara h 1 or unsolved sequences in phaseolin. Note that the residue numbers are shifted due 
to the N-terminal deletion from the Ara h 1 coding sequence found in the GenBank 
database 5 . 

Fig. 4. Most of the Phi/Psi torsion angles of the amino acid residues in the Ara h 1 tertairy 
structure model are allowed. A plot of the phi and psi angles for the amino acids in the Ara 
h 1 tertiary structure model is shown. Each dot within one of the boxes represents an amino 
acid that has acceptable torsion angles. Major outliers are indicated by their three letter 
amino acid code and position using the N-terminal as residue 1 as in figure 3. 
Fig. 5. The majority of the Ara h 1 IgE binding epitopes are clustered in two regions of the 
allergen. The upper panel represents a ribbon diagram of Ara h 1 tertiary structure. The 
numbered red areas are IgE binding epitopes 10-22. Epitopes 13, and portions of 14, and 
15 lie in an area of structural uncertainty. The lower panel is a space filling model of Ara 
h 1 tertiary structure. The red areas represent the IgE binding epitopes and the yellow 
atoms are the residues that were determined to be critical for IgE binding to occur. 
Fig. 6. The Ara h 1 allergen forms a stable trimeric structure. Trace fluorescein labeled 
Ara h 1 was mixed with unlabeled Ara h 1 and fluorescence anisotropy measurements (mP) 
were made at each concentration. Each point represents the average of three different 
experiments. Samples from the 200 nM concentration were then subjected to cross-linking 
with varying concentrations of DSP and the products electrophoresed on SDS 
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arrow 



polyacrylamide gels. Protein bands were visualized by Coommassie staining. Lower 
indicates the Ara h 1 monomer (~60 kDa) and the upper band represents the Ara h 1 
trimer ( ~ 180 kDa). 

TABLE 1 

Amino Acids Critical to IgE Binding 



PEPTIDE 



AA SEQUENCE 



3 



(T^^aksspyqkkt 
" leydprlvyd 

^ ^Ofi^&^l „ tA « ',, * GERTRGRQPG 

a Hjh Onli^ 6 PRREEGGRWG 
ttl^ ft 7 ^^v8 7 '^ RER EEDWR Q P 
^fU^# EDWRRPSHQQ 
^^yvoU) QEEKIRPEGR 
fWu TPGQFEDFFP 
& IX) W'S SYLQEFSRNT 
M^ENAEFNEIRR 
„ 10 AfcUT EQEERGQRRW 
>^/S3> DITNPINLRE 

^% NNFGKLEEVK 
5 BBXTARLKEG 

^I^^LHLLGFGIN 

HRIFLAGDKD 

^^^IDQIEKQAKD 
kdi AFPnsr^ 



KDLAFPGSGE 
J^ 7 KESHFVSARP 



POSITION 



25-34 

48-57 

65-74 

89-98 

97-106 

107-116 

123-132 

134-143 

143-152 

294-303 

311-320 

325-334 

344-353 

393-402 

409-418 

498-507 

525-534 

539-548 

551-560 

559-568 

578-5S7 



Note. The Ara h 1 IgE binding epitopes are indicated as the single letter amino 
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acid code. The position of each peptide with respect to the Ara h 1 protein coding 
sequence is indicated in the right hand columr^ The amino acids that, when altered, 
lead to loss of IgE binding are shown as the bold, underlined residues. Epitopes 16 
and 23 were not included in this study because they were recognized by a single 
patient who was no longer available to the study. 
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TABLE 2 

Comparison of Amino Acid Torsion Angles and Buried and Exposed 
Residues from the Tertiary Structures of Ara h 1, Phaseolin, and Canavalin 





Ara hi 


Phaseolin 


Canavalin 


Buried Polar Atoms 


52 


42 


67 


Buried Hydrophilic 


16 


7 


10 


Exposed Hydrophobic 


2 


2 


3 


Ramachandran Highly Favored* 


309 


280 


250 


Ramachandran Allowed* 


56 


40 


71 


Ramachandran Disallowed* 


5' 


1 


2 



germinal amino acid residues, glycines, or prolines are not included in these categories, 
m TABLE 3 

Si Alignment Of The Primary Amino Acid Sequences Of Ara h 1 

Sj And Phaseolin A Chain 

i=*= 

SjjPFYFPSRR FSTRYGNQNGRIRVLQRFDQRSRQFQNLQNHRIVQIEAKPNTLVLP 227 
DNPFYFNSDNSWNTLFKNQYGHIRVLQRFDQQSKRLQNLEDYRLVEFRSKPETLLLP 

^HADADNILVIQQGQATVTVANGN NRKSFNLDEGH ALRIPSGFISYILNRH 278 

QSADAELLLWRSGSAILVLVKPDDRREYFFLTSDNPIFSDHQKIPAGTIFYLVNPD 

MQNLRVAKISMPVNTPGQFEDFFPASSRDQSSYLQGFSRNTLEAAFNAEFNEIRRV 3 3 5 
PKEDLRIIQLAMPVNNPQIH EFFLSSTEAQQSYLQEFSKHILEASFNSKFEEINRV 

LLEENAGGEQEERGQRRWSTRSSENNEGVIVKVSKEHVEELTKHAKSVSKKGSEEE 3 91 
LFEEEGQQEGV IVNIDSEQIKELSKHAKSSSRKSLSKQD 

GDITNPINLREGEPDLSNNFGKLFEVKPDKKNPQLQDLDMMLTCVEIKEGALMLPHF 44 8 
NTIGNEF GNLTERTDNSLN VLISSIEMEEGALFVPHY 

NSKAMVIVWNKGTGNLELVAVRKEQQQRGRREEEEDEDEEEEGSNREVRRYTARLK 505 
YSKAIVILWNEGEAHVELVGPKGNKETLEYE SYRAELS 

EGDVFIMPAAHPVAINASSELHLLGFGINAENNHRIFLAGDKDNVIDQIE KQ 557 

KDDVFVI PAAYPVAIKATSNVNFTGFGINANNNNRNLL AGKTDNVI S S IGRALDGKD 

AKDLAFPGSGEQVEKLIKNQKESHFVSARa 586 
VLGLTFSGSGDEVMKLINKQSGSYFVDAH (SfcQ l&W.z') 
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Glycinin, A Third Major Peanut Allergen Identified By Soy- 
Adsorbed Serum IgE from Peanut Sensitive Individuals P 
Rgbjohn, CM West. E Helm. R mini. IS Starry. SK ff„n„'„ u 
Sampson, AW Burks, and GA Rannnn University of Arkansas 
Medical School, Little Rock, AR, Johns Hopkins University 
Baltimore, MD, Mt. Sinai Hospital, New York, NY. 

Two major allergens involved in peanut hypersensitivity, Ara 
h 1 and Ara h 2, have been isolated and extensively 
characterized. These allergens were identified on the basis of 
their ability to bind serum IgE from >90% of peanut 
hypersensitive patients. A third peanut allergen , Ara h 3 (-14 
kD), was identified by using soy adsorbed serum IgE 
antibodies from peanut sensitive individuals. Amino terminal 
sequencing revealed that the first 23 amino acids of this protein 
had significant sequence homology with the glycinin family of 
seed storage proteins. A full length cDNA clone was isolated 
from a peanut cDNA library using oligonucleotides derived 
from this amino acid sequence. This clone encoded a 510 
amino acid long protein with high homology to the glycinins. 
Further analysis of the immunoblot data and the Ara h 3 clone 
indicated that the 14 kD protein identified by soy adsorbed 
serum IgE represented the amino terminal end of a 
proteolytically cleaved 60 kD glycinin protein. The major 
linear IgE binding epitopes of this entire allergen were mapped 
by probing overlapping peptides with pooled serum IgE from 
11 peanut sensitive patients. Ten IgE binding regions were 
identified, distributed throughout the length of the Ara h 3 
protein. In an effort to determine the 6-10 amino acid long 
epitopes, overlapping lOmers will be made through each region 
with pooled positive serum. Once these are identified a set of 
all epitopes will be made and probed with individual serum 
IgE. In this manner the major IgE binding epitopes and 
prevalence of recognition by serum IgE within the peanut 
sensitive population will be determined. 
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INTRODUCTION 

Approximately 1-3% of the USA population suffers from 
some form of food allergy. Peanuts, tree nuts, and shellfish are 
responsible for the majority of food hypersensitivity reactions 
in adults, while peanuts, milk, and eggs account for the 
majority of reactions in children. The reaction to peanut is 
more severe than the reaction to other foods, often resulting in 
fatal anaphylaxis. While most children outgrow allergies to 
milk and eggs, peanut allergies persist into adulthood, lasting 
the entire lifetime of the individual. Currently, avoidance is 
the only treatment for patients with peanut allergies; however, 
the inclusion of peanut as a protein extender in processed foods' 
makes accidental consumption almost inevitable. Despite the 
prevalence of peanut hypersensitivity in children, coupled with 
an increasing number of deaths each year from peanut- 
induced anaphylaxis, the identification of unique, clinically- 
relevant allergens from peanut is incomplete, limiting our 
understanding of their role in the immunobiology of 
hypersensitivity reactions. 

Devising better methods for managing peanut 
hypersensitivity requires a thorough understanding of how 
allergens and the immune system interact. The first step is 
understanding this interaction is to identify and characterize 
regions of the allergen that are initially recognized by the 
immune system. Ara h 3 is one of the three major allergens 
from peanut being characterized by our laboratory at the 
protein level. The cDNA encoding Ara h 3 has been cloned, 
sequenced, and expressed in a bacterial system. The derived' 
amino acid sequence has been used to construct synthetic 
peptides so that the linear, IgE-binding regions within the 
primary sequence can be identified. 
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The goal of this research is to identify the linear, IgE- 
binding epitopes of Ara h 3. By identifying critical residues 
required for IgE-binding within each epitope, it will be possible 
to mutagenize the Ara h 3 cDNA to encode a protein that 
escapes IgG recognition. 
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FIGURE | 
Ara h 3 Amino Acid Sequence 



A third peanut allergen, Ara h 3, was originally identified as a 14 
kD protein by soy-adsorbed IgE sera from peanut hypersensitive 
individuals. Amino-terminal sequencing revealed that the first 
twenty-three amino acids (indicated in boldface) showed 
sequence similarity to the glycinin family of seed-storage 
proteins. A cDNA clone encoding 510 amino acids was isolated 
from a mature peanut expression library using oligonucleotides 
derived from the amino-terminus of the protein. Further 
sequence analysis revealed that the 14 kD protein originally 
identified by soy-adsorbed sera represents the amino-terminal 
portion of a 60 kD preproglobulin. 
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FIGURE O 

Sequence Comparison of Ara h 3 with Related Legume 

Glycinins 

Ara h 3 showed 62-72% sequence identity with other legume 
glycinins. Sequences were aligned using the Wisconsin GCG 
analysis program. Gl Soy is the glycinin Gl precursor 
containing the Ala-Bx chains {Glycine max, GenBank P04776), 
G2 Soy is the glycinin G2 precursor containing the A2-Bla chains 
{Glycine max, GenBank A91341), and A2 Pea is the legumin A2 
precursor {Pisum sativum, GenBank X17193). (A) Conserved 
region near the amino-terminus of the acidic chain. Shaded 
residues represent glycinin signature sequence. (B) Conserved 
region near the amino-terminus of the basic chain. Shaded 
residues represent glycinin signature sequence. The Ara h 3 
primary sequence contains 24 or the 26 invariable residues 
corresponding to glycinin signature sequence. 
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FIGURE |3 



Serum IgE From a Pool of Peanut Hypersensitive 
Patients Recognizes Recombinant Ara h 3 



(A) The cDNA encoding Ara h 3 was cloned into the pET 24(b)+ 
plasmid. This plasmid allows bacterial expression of the 
recombinant protein with a 14-amino acid polypeptide tail 
containing a polyhistidine tag at the carboxy-terminus. The 
molecular weight standards, MW, are expressed in kilodaltons 
(kD). Lane A, 4h induction of pET 24 harboring no insert; lane 
B, uninduced Ara h 3; lane C, lh induction of Ara h 3; lane D, 2h 
induction; lane E, 3h induction; lane F, 4h induction; lane G is 
blank; lane H, native Ara h 1 (63.5 kD). (B) Immunological 
detection was performed using a pool of serum IgE from peanut 
hypersensitive patients. 
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FIGURE V\ 

Identification of a Core IgE-Binding Epitope on the 

Ara h 3 Allergen. 



(A) Detailed epitope mapping was performed on IgE-binding 
regions listed in Table 1 by synthesizing overlapping peptides ten 
amino acids in length offset from the previous peptide by two 
residues. These peptides were probed with a pool of serum IgE 
from 11 patients with peanut hypersensitivity. The data shown 
represents amino acids 372-395. (B) The amino acid sequence 
(residues 372-395) of Ara h 3 that was tested in A is shown. 
Residues in boldface correspond to common IgE-binding amino 
acids of the spots shown in A. 
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FIGURE if 



Identification of the Immunodominant Epitopes of 

Ara h 3 

(A) IgE-binding peptides (1-4) were synthesized and probed 
individually with serum- IgE from 20 peanut-hypersensitive 
patients. Numbers across the top represent individual patients, 
nine of which are shown here. (B) The percentage of 
individual peanut-hypersensitive patients recognizing epitopes 
(1-4) ranges from 5% to 100%. The IgE-binding sequence and 
its corresponding position in the primary sequence of Ara h 3 
is also shown. 
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FIGURE \ip 

Single Amino Acid Changes to Peptide 2 Result in Loss 
of IgE Binding to This Epitope 

Peptide 2 was synthesized with an alanine residue (except 
position 254 which was substituted with leucine) substituted for 
one of the amino acids at each position in the peptide. The 
synthesized peptides were probed with a pool of serum IgE from 
peanut hypersensitive patients whose IgE has previously been 
shown to recognize this peptide. The letters across the top of each 
panel indicate the one-letter amino acid code for the residue 
normally at that position and the amino acid substituted for that 
residue. The numbers indicate the position of each residue in the 
Ara h 3 protein. WT indicates the wild-type peptide with no 
amino acid substitutions. 
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TABLED 

Multiple IgE-binding Regions Identified on the 

Ara h 3 Allergen 



Epitope mapping was performed on the Ara h 3 allergen by 
synthesizing the entire protein in 15 amino acid-long overlapping 
peptides offset from the previous peptide by seven residues. 71 
overlapping peptides were synthesized to determine which 
regions in the primary sequence were recognized by serum IgE 
from peanut hypersensitive patients. In this manner, the entire 
length of the Ara h 3 allergen could be studied in short, 
overlapping fragments. 
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SUMMARY 



• The cDNA clone encoding Arah 3, a third major peanut 
allergen was cloned from a peanut expression library 

• Ara h 3 is a member of the glycinin family of seed-storage 
proteins 

• Recombinant Ara h 3 has been expressed in a bacterial 
system and is recognized by IgE from peanut-hypersensitive 
patients 

• Linear, B-cell epitopes have been identified within the 
primary sequence of Ara h 3 

• The percentage of patients recognizing each epitope on 
Ara h 3 has been determined 

• Mutation of critical residues within the Ara h 3 epitopes 
reduces and eliminates IgE-binding 



Rapid Isolation Of Peanut Allergens And Their Physical Chemical And 

CockrelU W Burks an, G4 Univ e rsi ^ of ^„ ^LJ^^SS^ 

AR, Johns Hopkins University, Baltimore, MD, and Mt Sinai Hospital, New York NY 

^iz^cz^ifr^ rr » l and 

characterization of the allergens involved in this immunoloeic disorder A rsmiH nrn ^* 
has been developed for the extraction of large quantities 

aUergens, Ara h i and Ara h 2. The purified allergens were analyzed ^ j^ZK 
spectroscopy and found to have alpha helix and beta sheet domains that couW be unf^ded 
under increasingly denaturing conditions. Ara h 1 was shown to be very stab e and showed 
minor changes in its secondary structure up to 5 M urea, whereas Ar^^^^ZE 
much lower concentrations. Using fluorescence polarization spectroscopy and cross 
bnku.fr fluoresce m-labeled Ara h 1 was shown to self-associate b a hTghly cooperative" 
manner into distinct homo- trimers in the presence of high salt concentrations Th«! 
resull, indicate that the interface is stabilized primarily by h^i^ESi. Th 
higher order structure bound IgE from peanut sensitive individuals indicating Xat the 
epitopes are exposed on the molecule's surface. A decrease in the slope of 2 Ara h i 
titration curves in the presence of increasing concentrations of salt demons rates the 
involvement of ionic interactions in the cooperative association of the trZ^™? 
experiments are underway to determine if this multimeric Ara h 1 molec^'ms at dH 

St^dS? b h e encountered in the digestive tract and wh«fl^^l3/S 

resistant to digestion by proteases. 



INTRODUCTION 



Every year twenty million Americans suffer from one or more types of 
allerg.es. Food allergies occur in 6-8% of children and 1-2% oVfd„,ts 
Peanut, egg and milk are responsible for 80% of food allergies that occur in 
children. Peanut allergy is a life-threatening, lifelong disorder. The only 
current method for prevention of food allergy is avoidance. Children become 
tolerant to most food allergies with age (e.g. eggs, milk, shellfish, soy, etc ) 
however peanut allergy is rarely outgrown. Thus, it is increasingly dfflcu 
for an allergic individual to avoid an abundantly utilized and most" 
disguised food source such as peanuts, leading to accidental ingestion 
anaphylaxes and possibly death. To understand IgE-mediated tod 
hypersensitivity reactions i, is important to identify and characterize the 
allergens that are responsible for the immunologic disorder. It is also 
necessary to understand the basic molecular interactions involved in allergen 
recognition by the immune system. iiergen 

In the current work we have carried out rapid, large scale purification and 
biophysical characterization of two major peanut allergens Ara hi and Ara h 
\ V le J u " ficat "> n of these nati ™ P^nut proteins has not only enabled us to 
study the response of peanut specific T-cell lines and mast cells to treatment 
with Ara h 1 and Ara h 2 independent of other peanut proteins but also 
allowed the establishment of Ara h 1 and 2 specific T-ce/cIones. Detailed 
biochemical and biophysical characterization of these proteins have also been 
carried out utilizing fluorescence polarization, western blot analysis and 
cross-Iinkinp. J 



Hi 




Tablef? . Summary of K^,, and p-values for Ara h 1 oligomer formation. 



Ara h 1 Oligomer 


Salt concentration (mM) 


Kapp GiM) 


p. value (coop.) 


monomer to trimer 


0 


* 




monomer to trimer 


100 


0.065 


2.4 


monomer to trimer 


300 


0.07 


2.25 


monomer to trimer 


500 


0.095 


2.1 


monomer to trimer 


900 


0.12 


2.1 


monomer to trimer 


1400 


0.17 


2.2 


monomer to trimer 


1800 


0.17 


2.1 


trimer to hexamer 


100 


32.6 


1.1 


trimer to hexamer 


400 


36 


1.03 


trimer to hexamer 


600 


41 


1.13 


trimer to hexamer 


800 


45 


1.0 


trimer to hexamer 


1100 


48 


0.9 


trimer to hexamer 


1300 


54 


0.9 


trimer to hexamer 


1800 


65 


0.8 



* These values cannot be determined by the fitting program used. 



CONCLUSIONS 

1. Large milligram quantities of highly purified protein allergens can be 
obtained in one days time and utilized for various applications such as: 

a- preparation of highly pure, standardized allergens for use as 
diagnostic tools such as skin prick tests. 

b- highly quantitative biochemical and biophysical characterizations of 
the allergens. 

c- to establish allergen specific T-cell lines, study the effect of allergens 
on mast cells and other cell types and for comparison to other allergens 
and their effects on the immune system. 

2. Purified proteins were recognized by the components of the immune 
system that are found to play important roles in allergy and demonstrate 
biological activity associated with their allergenicity, i.e.: 

a- native Ara h 1 and Ara h 2 were both recognized by serum IgE of 
allergic individuals. s 

b- Ara h 1 and Ara h 2 were able to stimulate T-cell proliferation and 
mast cell degranulation independently of other peanut proteins. 

The biophysical characteristics of Ara h 1 and Ara h 2 may have strong 
implications for their allergenicity: 

a- Ara h 1 forms highly stable trimeric and hexameric oligomers 
primarily shown to be stabilized through hydrophobic interactions. 
Formation of these highly stable oligomers may be important in it's 
protection against digestion. 

b- Ara h 2 does not form homo-oligomeric structures, but has been 
shown to have a low affinity interaction with trypsin. Trypsin binding 
ability of Ara h 2 may be involved in it's role as a potent allergen 
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T-Cell Responses In Food Allergy: Identification Of T-Cell Epitopes On A 

Major Peanut Allergen. SMaleki. QF Wan^. C Cnnnau^hton. G CockreAL R Holm. MK 
Huang, Sampson, GA Bannon. and AW Burks. University of Arkansas Medical School, 
Little Rock, AR, Johns Hopkins University, Baltimore, MD, Mt Sinai Hospital, New York, 
NY. 

The development of an IgE response to an allergen involves a series of interactions 
between antigen-presenting cells (APCs), T cells, and B cells. The critical role T-cells play 
in the production of allergen-specific IgE has been studied in a variety of aeroallergens. 
However, the role of T lymphocytes and antigen specificity in the induction and regulation 
of the food allergic response is less well defined. Ara h 2 is one of the major allergens in 
peanut shown to stimulate IgE mediated disease in humans. We have used overlapping 
synthetic peptides spanning the entire protein to determine the T cell epitopes of Ara h 2. 
Peanut specific T cell lines were established from the peripheral blood of 12 atopic patients 
and 4 nonatopic controls. All of the cell lines were shown to consist of predominantly 
CD4+ T cells. The proliferation of the T cells in response to the 29 individual peptides was 
measured. Four immunodominant T cell epitopes were identified for Ara h 2, epitope 1 
(AA 18-28), epitope 2 (AA 45-55 ), epitope 3 (AA 95-108), and epitope 4 (AA 134-144). 
Epitope 1, 2, and 4 have overlapping sequences with Ara h 2 B cell epitopes whereas, 
epitope 3 does not overlap IgE binding epitopes therefore providing a possibility for the 
development of a non-anaphylactic, T cell directed, immunotherapeutic peptide. 
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INTRODUCTION 



Approximately 8% of children and 1-2% of adults have some type of food allergy. 
Peanuts, fish, tree nuts, and shellfish account for the majority of food hypersensitivity 
reactions in adults, while peanuts, milk, and eggs cause over 80% of food hypersensitivity 
reactions in children. Unlike the food hypersensitivity reactions to milk and eggs, peanut 
hypersensitivity reactions usually persist into adulthood and last for a lifetime. In 
addition, hypersensitivity reactions to peanuts tend to be more severe than those to other 
food allergens. Several reports have detailed fatal and near-fatal anaphylactic reactions 
occurring in adolescents and adults following the ingestion of peanuts or peanut products. 

Currently, the only effective treatment for patients with peanut 
hypersensitivity is avoidance of any food products which contain the allergen. This is 
becoming more difficult due to the inclusion of peanuts and peanut products as protein 
extenders in many different foods. Potential immunotherapeutic approaches to food 
hypersensitivity might include the competitive inhibition of allergen presentation with 
antibodies specific to the TCR V region or with soluble TCRs that would bind epitopes 
preventing them from binding to cell associated receptors. Another avenue of approach 
might be the modulation of Th cell development to favor Th x cytokine responses by 
alteration of T-cell epitope structure. All of these approaches require in-depth knowledge 
of the T-cell epitope structure and T-cell signaling pathways that are activated by 
allergen-specific interaction with receptors. We report complete T-cell epitope mapping 
of Ara h 2, a major peanut allergen. Peanut specific T-cell lines were established and 
used to map the immunodominant epitopes of Ara h 2, determine the surface receptor 
and cytokine expression profiles. T-cell epitopes have been compared to previously 
mapped B-cell epitopes of Ara h 2. 



*1 



F\£ ,2^"" . Peanut allergen Ara h 2. 

In order to determine the T-cell epitopes of peanut allergen Ara h 2, 29 different peptides 
representing the entire protein were synthesized. Each peptide was 20 amino acids long 
and was offset from the previous peptide by 5 amino acids. In this manner we were able to 
cover the entire protein sequence by overlapping peptides. The primary amino acid 
sequence of the Ara h 2 protein represented as the one letter amino acid code and 
individual peptides of Ara h 2 that were used to map T-cell epitopes are shown. 



<%.1& . Proliferation of T cells isolated from peanut allergic and non-peanut 
allergic individuals in response to Ara h 2 derived peptides. 

T cells were isolated from 17 peanut allergic individuals and 5 non-peanut allergic 
individuals (not shown) and placed into 96 well plates at 4 x 10 4 cells/well and treated in 
triplicates with media or Ara h 2 peptides (10|ig/ml). The cells were allowed to proliferate 
for 6 days and then incubated with 3H-thymidine (luCi/well) at 37 C for 6-8 hrs and then 
harvested onto glass fiber filters. T-ceU proliferation was estimated by quantitating the 
amount of 3 H-thymidine incorporation into the DNA of proliferating cells. 3 H-thymidine 
incorporation is reported as stimulation (SI) above media treated control cells. Each graph 
represents the proliferation of T cells (x-axis) from each individual plotted versus the 29 
overlapping peptides (y-axis) spanning the entire Ara h 2 protein from the amino-(peptide 
904) to carboxyl terminus (peptide 932). 



r.3.27 . Identification of the Ara h 2 peptides that caused T-cell proliferation in 

the majority of patients tested. 

All of the data in Figure 2 was compiled and plotted as a stimulation index versus the Ara h 
2 peptides. The mean proliferation and standard error of (panel A) 17 peanut allergic 
individuals and (panel B) 5 non-allergic individuals were calculated and plotted as mean 
stimulation index of atopic individuals versus the 29 overlapping peptides spanning the 
entire Ara h 2 protein from the amino-(peptide 904) to carboxyl terminus (peptide 932). 
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Fijj, l£> The CD4+ and CD8+ profiles of the T-cell lines of peanut allergic 

individuals. 

T cells were stained with FITC-labeled anti-CD4 and FITC-labeled anti-CD8 antibodies in 
order to determine the phenotype of the peanut specific T-cell lines established. FACS 
analysis was used to determine the percent of CD4+ and CD8+ cells in the peanut specific 
T-cell lines utilized in Ara h 2 epitope mapping and plotted versus the initials of the 
individual patients used to establish these cell lines. Panel A represents the CD4/CD8 
profiles of T-cell lines established from allergic individuals while panel B represents the 
CD4/CD8 profiles of T-cell lines established from non-allergic individuals. 



Fg/Z^ The IL-4 secretion profiles of a representative sample of T cells. 

The supernatant was collected from T-cells stimulated with immunodominant peptides and 
an ELISA assay was utilized to measure IL-4 concentrations in the media. IL-4 
concentration is plotted versus the 29 overlapping peptides spanning the entire Ara h 2 
protein from amino- (peptide 904) to carboxyl terminus (peptide 932). 



%30. Comparison of the T-cell and B-cell epitopes of Ara h 2. 

The primary amino acid sequence of the Ara h 2 protein is represented as the one letter 
amino acid code. The T-cell epitopes of Ara h 2 that have been identified in this study are 
depicted as bold, italicized letters and the immunodominant B-ceil epitopes determined in 
previous work are underlined. In general, the IgE binding epitopes do not overlap with the 
T-cell epitopes. 
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CONCLUSIONS 

1. Four immunodominant T-cell epitopes have been identified for Ara 
h 2 using T cells isolated from 17 atopic individuals: peptides 907-908 
(epitope 1), 911-914 (epitope 2), 923-926 (epitope 3) and 930-932 
(epitope 4). 

2. Similar T-cell epitopes were identified for Ara h 2 using T cells 
isolated from 5 non-atopic individuals. 

3. T-cell lines established from both atopic and non-atopic individuals 
were primarily CD4 + . 

4. T-cells from both atopic and non-atopic individuals seemed to 
secrete IL4 in response to treatment with immunodominant peptides. 
However, T-cells of non- atopic individuals seemed to secrete more IL4 
in response to epitope 2 than epitope 1. 

5. On average T-cells of the non-atopic individuals secreted lower levels 
of IL4 than the T-cells of atopic individuals. 

6. When comparing the B-cell (previously described) and T-cell 
epitopes it is evident that the immunodominant epitopes do not overlap 
to any significant extent. This is very important in the development of 
peptide mediated immunotherapies towards modulating Th cell 
development to favor Th, type cytokine responses. 
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Tertiary Structure Of The Major Peanut Allergen Ara h 1: Implications For The 
Bioengineering Of A Hypoallergenic Protein. D Shin. H Sampson. R Helm, skftu^ ^ 
AW Burk s, and GA Bannon . University of Arkansas Medical School, Little Rock, AR, Johns 
Hopkins University, Baltimore, MD, and Mt Sinai Hospital, New York, NY. 

Allergy to peanut is a significant health problem because of the prevalence and potential severity 
of the reaction. Ara h 1, a major peanut allergen, has been isolated and characterized and was 
shown to consist of 626 amino acids and contain 23 linear IgE-binding epitopes, 6-10 residues in 
length. The amino acids important for peauut-specific IgE binding were determined by 
synthesizing wild type and mutant peptides with single alanine, glycine or methionine 
substitutions at each position followed by incubation in pooled serum from patients with peanut 
hypersensitivity. From this analysis it was determined that amino acids which reside in the middle 
of the epitope were generally more critical for IgE binding. Furthermore, though polar charged 
residues occur most frequently within the epitopes, apolar residues were found to be more 
important for IgE binding. In addition, it was found that each epitope could be mutated resulting 
in loss of ability to bind IgE with only a single amino acid substitution. To further characterize 
the epitopes a homology-based molecular model of the Ara H 1 protein was made. The model 
represents residues 171-586 allowing visualization of epitopes 10-22. The majority of these 
epitopes appear to be clustered to certain areas of the molecule. Many of the Critical amino acids 
involved in binding are evenly distributed on the surface and not buried in the hydrophobic core. 
The information from the mutational analysis along with the molecular model will aid in the 
design of immunotherapies and enhance the ability to design functional hypoallergenic proteins. 




INTRODUCTION 



Peanut allergy is a significant health problem because of its high prevalence and the 
potential severity of the reaction (fatal anaphylaxis). The reaction involves the binding of 
allergenic proteins to IgE bound to mast cells. This induces a signal transduction cascade that 
ultimately leads to the release of the mediators that give rise to the clinical symptoms. Currently, 
the only effective treatment for food allergy is avoidance of the food. 

The Ara h 1 protein from peanut has been shown to be recognized by serum IgE from 
>90% of peanut sensitive individuals, indicating that it is a major allergen involved in the clinical 
etiology of this disease. One of the current options being explored to decrease the risk of allergic 
reaction is the production of hypoallergenic proteins by alteration of the IgE epitopes. However, 
this strategy is difficult in the case of Ara h 1 because this particular protein is one of the most 
abundant in the seed and has been shown to contain 23 epitopes. To assess the ability to produce 
a hypoallergenic Ara h 1 protein, a molecular model of this 63 kDa allergen and the amino acids 
important for peanut-specific IgE-binding were determined in an effort to more clearly define 
the epitope regions and target amino acids for mutation. 

The model of Ara h lrepresents the conserved region between the vicilin family of 
proteins allowing visualization of epitopes 10-22. The epitopes are located primarily in two areas 
of the molecule, despite even distribution in the primary amino acid sequence. The epitopes also 
share no tertiary structure motifs and some lie within the interior of the molecule. To determine 
the amino acids critical for IgE binding within each epitope, wild type and single point mutation 
epitope peptides were constructed and tested for binding using pooled polyclonal IgE from sera 
obtained from 15 peanut-allergic patients. From this analysis it was determined that 
hydrophobic residues were found to be most important for IgE binding, even though polar 
charged residues occur more frequently. More importantly, there was at least one amino acid in 
each epitope that when changed resulted in a significant loss of IgE binding. Critical amino 
acids were mutated within the molecular model and analyzed to estabhsh the potential of 
changing these residues in terms of stability of the tertiary structure. The results indicate that it 
may be possible to produce a hypoallergenic Ara h 1 protein through the replacement of single 
amino acids in the IgE binding epitopes. 
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SUMMARY 



1. Twenty one epitopes of Ara h 1 can be altered to a non-IgE binding peptide by 
a single amino acid substitution with either alanine or methionine. 

2. Hydrophobic residues located in the middle of the epitopes are more critical for 
IgE binding. 

3. The epitopes are clustered in two regions of the Ara h 1 monomer. 

4. These studies will aid in the development of a hypoallergenic clone that is stable 
and retains its functional properties. 



IgE-Binding of Homologous Legume Vicilins and Glycinins of Soybean 
and Peanut Allergens. RM Helm, G Cockrell, SJ Stanley, HA Sampson, GA 
Bannon, AW Burks. University Arkansas for Medical Sciences, Little Rock AR- 
Mt. Snai Hospital, New York, NY. ' 

Allergic reactions to soybeans, compared to fish and peanuts, are unique in 
that the clinical reaction id typically outgrown in the first 3-5 vears of life. We are 
using amino acid homology -based data searches, peanut-specific, and soy-specific 
serum to screen allergens from soybeans to identify and characterize differences in 
peanut and soybean vicilin and glycinin seed storage proteins. A GenBank search 
for amino acid homology to Ara h 1 identified a 47% amino acid sequence homology 
to soybean p-conglycinin. To determine the specific amino acid regions that bind 
peanut-and soy-specific IgE to soybean p-conglycinin, we used the SPOTS method 
to prepare 15-mer peptides overlapped by 8 amino acids for the entire amino acid 
sequence. Our results identified 4 common IgE-binding regions; however, there 
were 2 unique soybean positive IgE-binding regions (amino acid sequences 265-279 
and 245-269) and 5 unique peanut positive IgE binding regions (amino acid 
sequences 50-63, 65-78, 376-399, 4110425, and 586-600). Using prep cell and 2-D 
SDS-PAGE, and serum from soy-sensitive individuals, a 20-22 kD allergen was 
identified using Western IgE, immunoblot analysis. N-terminal sequencing revealed 
this protein to be the soybean glycinin subunit, A2Bla. The Bla region of this 
subunit showed approximately 60% homology to a portion to a recently identified 
peanut allergen, Ara h 3. We are using these combined methods to investigate the 
epitope specificity; that may account for the different clinical spectra evident in 
these two legume-induced immediate type hypersensitivities. 



INTRODUCTION 
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HOmStogous PROTEIN IDENTTFTP ATTfW 



In the course of amino acid analysis of peanut allergens, several proteins 
were identified with sequence homology to glycinins and vicilins. One of the major 
peanut allergen, Ara h 1, was identified with an amino acid sequence homology 
(47% identity) to a soybean vicilin family of proteins, p-conglycinin. The cc-chain 
was selected for linear epitope analysis using soybean and peanut-specific serum 
from sensitive individuals. A set of 15-mers offset by 8 amino acids were prepared 
using the SPOTS method for peptide synthesis. The membrane was blocked and 
incubated with a serum pool made up of soybean-sensitive individuals, washed, and 
incubated with radiolabeled anti-IgE, washed and exposed to X-ray film. Developed 
films were then assessed for IgE-positive binding regions. Following identification 
of soybean IgE positive binding regions, the SPOTS membrane was stripped 
according to manufacturer's instructions and re-probed with a serum pool made up 
of peanut-sensitive individuals. The respective IgE-binding regions were then 
identified as: Soybean with Peanut-IgE binding regions, Peanut with Soybean-IgE 
binding regions, Soybean, and Peanut-specific regions. For each region identified, 
10-mers offset by 2 were synthesized and analyzed for specific IgE-binding amino' 
acid sequences. r^^r-e-f 33 



fe3 



Soybean seeds, Glycinus max, Hutchinson variety, were obtained from a 
local health food store, frozen in liquid nitrogen, ground to a fine powder, and the 
RNA extracted using the method of Nedergaard et al (Mol Immunol 29:703,1992). 
Briefly, 2 g frozen seed powder was added to 10 mis buffer (250 mM sucrose, 200 
mM Tris-HCl, pH 8.0, 200 mM KCI, 30 mi\l MgCI 2 , 2% polyvinylpyrrokidone-40 
and 5 mM 2-mercaptoethanol) and equilibrated with 10 ml fresh phenol (4°Q. The 
suspension was homogenized and 10 ml of chloroform added with shaking for 5 min 
at RT. Phases were separated by centrifugation, 10k g for 20 min at 4°C and the 
aqueous phase transferred to a clean test tube and extracted 2x with equal volumes 
of chloroform/phenol. Nucleic acids were precipitated with sodium acetate/ethanol 
at -20°C overnight The precipitates were collected by ceztrifugation at 13k g for 20 
min at 4°C, washed with 70% ethanol and dried. Samples run in parallel were 
pooled in water and made 3M in LiCI, and the RNA precipitated for 4 hr at -20°C. 
The precipitate was collected by centrifugation outlined above and resuspended in 
distilled water. Fifty microliters of the RNA suspension was withdrawn for 
OD2 60/280 measurements and the RNA analyzed by agarose gel electrophoresis. 
Three aliquots representing a total of approximately 3.0 mgs total RNA was sent to 
STRATAGENE for purification of mRNA and the preparation of a Uni-Zap XR 
custom library. 

The expression custom library was screened with serum from soybean- 
sensitive individuals and positive clones subcloned to homogeneity with respect to 
IgE-binding. Five clones were isolated from an initial screen and the plasmids 
purified from LB/ampicilin broth cultures using an Ameresco kit The plasmid 
DNA from each clone was PCR amplified and analyzed in agarose gels. Two 
plasmid preparations had relative bp of approximately 1400 and the remaining 
three 1500 bp. 




PCR AMPT TFTEP PTASMTDS ISOT.ATF.n fpq m sovrf.am nv^ 

EXPRESSION T TttPAPy 



• cDj^lgE + clones from se^cotyledons 
^p.ycinus max, HutchirisSPvariety 

In House RNA/STRATAGENE Library 

Clone 4a; 

Glycinus max Shi-Shi 51 kDa seed maturation protein: 
96.5% identity in 114 bp overlap; begin at 423 end at 
53 5 . 

Clone 3a- 

Glycinus max Shi -Shi kDa seed maturation protein: 
88.2% identify in 76 bp overlap; begin at 187 end at 
262 . 

Glycinus max Shi -Shi amino acid sequence (5fc» it> t^o: 

MASKWSVLV IAMMLFAMNC NCTSVGHMPS TKEEGHDFQE SKAKTTQTAN 
KAMETGKEGQ EAAESWTEWA KEKLSEGLGF KHDQESKEST TNKVSDYATD 
TAQKSKDYAT DTAQKSKDYA GDAAQKSKDY AGDAAQKTKD YASDTAQTSK 
DYAGDAAQKS KGYVGDAAQK TKEYVGDAAQ KTKDYATDAA QKTKDYATQK 
TKDYASDATD AAKKTKDYAA QKTKDYASEA SDVAQNTKDY AAQKTKDYAS 
GGAQKTKDYA SGGAQKTKDY ASDAAQKTKD YASDGAQKSK EYAGDVALNA 
KDYAQKSKDY AGDAAQNVKD YASDAVQKRK EYSGDASHKS KEASDYASET 
AKKTKDYVGD AAQRSKGAAE YASDAAQRKE YAGDATKRSK EASNDHANDM 
AQKTKDYASD TAQRTKEKLQ DIASEAGQYS AEKAREMDAA AEKASDIAKA 
AKQKSQEVKE KLGGQHRDAE L 



Note: the same gene family with pGmPM8; a group III LEA 
protein with a putative signal peptide; 32 repeats of 11- 
with the consensus sequence KYDAGDAAQKT. 
Function: desiccation protectant 
Product: 51 kDa seed maturation protein. 
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ALLEfi iN IDENTIFICATION B 



DS-PAGE 



A crude soybean extract was applied to a 12.5% preparative SDS-PAGE gel 
and electrophoresed using a BIO-RAD prep cell. Five ml fractions were collected 
and aliquots were electrophoresed into a Pharmacia 24-weII 10% horizontal gel, 
electrophoretically transferred to a nitrocellulose membrane, the remaining sites' 
blocked using PBS/0.05% Tween 20, and analyzed for IgE-binding using serum 
from soybean-sensitive individuals. Fractions that bound IgE were dialyzed against 
lOOmM ammonium bicarbonate (x4 x 4 liters) for 24 hours, lyophilized, 
reconstituted in distilled water and analyzed by 2-D (isoelectric focusing in the first 
dimension, pH 3-7, followed by a 4-20% SDS-PAGE gel molecular weight 
separation in the second) in duplicate. The proteins in the duplicate gels were 
transferred to nitrocellulose membranes, one was stained with Coomassie blue for 
protein identification and the other was prepared for IgE immunoblot analysis. 
IgE-binding proteins were identified by radiolabeled anti-IgE and X-ray 
autoradiography. Positive IgE-binding proteins by autoradiography were 
compared to the Coomassie stained gel protein profile. The stained blot was 
submitted to the Yale Biotechnology Center for amino acid sequencing. The results 
of this analysis revealed a 20-22kD protein with significant homology to the A2Bla 
glycinin protein family. Additional samples are being assessed for activity and 
identification. 
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Sample 2: Primary (bottom) sequence matched soybean glycinin 
* A2Bla and G2 precursor^ tt>u0 ^ gj-ycinin 
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Sample 3: Primary (bottom) seqeunce matched glycinin A2Bla 
subunit precursor and G2 precursor from soybeanjf 6 ® vfe * o: ^ 
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" GLYCININ PROTIEN ^BIA 

REGION IN |BOL^ )ENTIFIED BY AMINO AcMIeQUENCE FROM 2-D SDS- 

PAGE 

A2Bla AMINO ACID SEQUENCER 

MAKLVLSLCF LLFSGCFALR EQAQQNECQI QKLNALKPDN RIESEGGFIE TWNPNNKPFO CAGVALSRCT r™ BIDD „, 
QQGNGIFGMI FPGCPSTYQE PQESQQRGRS QRPQDRHQKV HR FREGDL I A SpGvSS NE^P^AVS 
IIDTNSLENQ LDQMPRRFYL AGNQEQEFLK YQQQQQGGSQ SQKGKQQEEE ENEGSNILSG FAPEFLKeS G^n^L 

pdi^poag, ™ GGLR VTAPAMRKPQ Qshdodoeee Qpqcvetdkg cqrqs^rsS 

rux iiMFyAoo ITTATSLDFP ALWLLKLSAO YfiST.PTOJnMT? 



PDIYNPQAGS ITTATSLDFP ALWLLKLSAQ YGSLRKNAMF VP^TL^S SSZEE VQVVNCNGER g g^ 

vlivpqnfav aaksqsdnfe yvsfktndrp signlagans llnalpeevi qhtfnlksqq arqvSnpf sflSppqS 

22 kD poyhean gPOT/Ara h 3 amino „c i d aemlfi ^«, eomparl - gf ,„ . 
GIDBTICTM^ LJIQ.NIGQNSS PDIYNPQAGS ITTATSLDFP ALWLLKLSAQ YGSLRKNAMF 
GIEETICTAS ALLNIGRNRS PDIYNPQAGS LKTANDLNLL ILRWLGLSAE YGNLYRNALF 

* *** ** * ** * 



** ***** *** * * ********** ** * 



VPHYTLNANS I I YALNGRAL VQVVNCNGER VFDGELQEGG VLIVPQNFAV AAKSQSDNFE 
VAHYNTNAHS IIYRLRGRAH VQWDSNGNR VYDEELQEFJ VLWPQNFAV AGKSQSENFE 
* ** ** * *** * *** **** ***** ***, ^ ***.^ , ^ 

YVSFKTNDRP SIGNLAGANS LLNALPEEVI QHTPNLKSQQ ARQVKNNNPF SFLVPPQESQ 
YVAFKTDSRP SIANLAGENS VIDNLPEEW ANSYGLQREQ ARQLKNNNPF KFFVPPSQOS 
** *** ** ** **** ** ***** # # ^ „„„ # w 

RRAVA (arr»Oo att^ 30\-^«5> c$ SfcQ \V> V\.ot<f) 

PRAVA C S &* » b 
**** 



PROTEIN A2B1. 

IDENDITIF^ BY AMINO ACID SEQUENW FROM 2-D SDS-PAGE 
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15-MER X 8 IgE POSITIVE REGIONS 



Region 1 

£f^ 5 ^I^I!l!^!g^, QQNECQI Q^ALKPDN RIESEGGFIE TWNPNNKPFQ 



gZSi^SS ff ■? ™? PQ * 1YI ^ GIEGM! FPGCPSTY QB PQESQQRGRS 



QRPQDRHQKV HRFREGDL I A VPGVAWWMYN NBDTPWAVS IIDTNSLENQ LDQMPRRFYL 



AGNQEQEPLK YQQQQQGGSQ SQKGKQQEBE ENEGSNILSG FAPEFLKEAF 



GVNMQIVRNL 



QGENEEEDSG AIVTVXGGLR VTAPAMRKPQ QEBDDDDBEB QPQCVETDKG CQRQSKRSRN 



GXDETXCTMR LRQjjIGQNSS PDIYNPQAGS ITTATSLDFP ALWLLKLSAQ YGSLRKNAMP 



T^r 1 ™™* IIY f NG ^ ^™ *OW«R VPDGELQEGG VLIVPQNPAV AAKSQSDNPE 
^SFKTKDRP SIGNLAGANS LLNALPEEVI QHTFNLKSQQ ARQVKNNNPF SFLVPPQESQ 



S^AVA 



Soybean IgE positive binding regions 



N-terminal amino acid sequence from 2-D SDS-PAGE 
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^ A2B1A REGIONS^ 

^ 10-MERS X 2 IgE-POsflRnE 



Region 1 : 

MAKLVLSLCF LLFSGCFALR EQaC 0 ^ 1 ^ ClCa&S \Z*> t& *b WlOiO 

Region 2 : 

KPFQ CAGVALSRCT LNRNALRRPS YTNGPQEIYI QQGNGIFGMI FPGCPSTYQE P [& WN a «A S Will «* SfcQ lOWK*) 

Region 3 : 

NQ LDQMPRRFYL AGNQEQEFLK YQQQQQGGSQ SQKGKQQEEE ENEGS Ifc V^O ' 

Region 4 : 

SG AIVTVKGGLR VTAPAMRKPQ Q G^&> 0* StQ vfc> KO'^ 

[Region 5: (< 
$3 ITTATSLDFP ALWLLKLSAQ YGSLRKNAMF VPHYTLNANS 1 1 YALNGRAL VQV (WOO <U<ds 3^3*% ^ ^ ^ 

Region 6 : < 
yi QHTFNLKSQQ ARQVKNNNPF %H ^ SfcQ tfcWO'A) 



f. CONCLUSION^k 
ALLERGENS HAVE UNIQUE AS WELL AS SHARED AMINO Arm 
SotSS" ^ ™ E VIC,UN ^ GLYCIWN SOYBEAN "AMXLY W SEeTsTOR^ 



I T gE E B?™ PROTE D INt SOYBEAN SEED C ° TYLEDON UBRARY CA * 8= USED TO IDENTIFY 
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Peanut allergy (hypersensitivity) is an adverse immunological 
reaction following the ingestion of peanut-containing foods. 
It is a serious health problem because of the severity of the 
reaction, lack of immunotherapy, and difficulties in avoiding 
peanut containing products. Sensitized individuals produce 
IgE, which can bind to antigenic determinants (epitopes) on 
peanut-specific allergens. A major peanut allergen Ara h 2 is 
recognized by serum IgE from more than 90% of peanut- 
sensitive patients. To study the relationship between Ara h 2 
primary structure and its allergenicity we produced a 
recombinant Ara h 2 protein (rAra h 2) in E. Coll The 
recombinant protein was recognized by serum IgE from all 
peanut allergic patients tested in Western blot analysis. 
Linear IgE binding epitopes of Ara h 2 as well as amino 
acids in these epitopes, which were critical for IgE binding, 
were identified using solid-phase peptide synthesis. To 
modulate IgE reactivity of the allergen we constructed rAra 
h 2 protein with mutations in the immunodominant IgE 
binding epitopes. The abilities of the wild type and mutant 
rAra h 2 proteins to react with IgE have been tested in 
Western blot analysis with sera from 20 peanut sensitive 
individuals. IgE reactivity of mutant rAra h 2 was 
significantly decreased compared to the wild type. The 
allergens also were used in T-cell proliferation assays. Both 
wild type and mutant proteins retained the ability to 
stimulate T-cell proliferation at comparable levels. We 
hypothesize that modified allergens, which have decreased 
allergenicity, but retain their ability to stimulate an immune 
response, can be used as a safe immunotherapeutic for the 
treatment of peanut allergic individuals. 



€0 



INTRODUCTION 



Adverse reactions to foods may affect up to 8% of children 
less then 3 years of age and 1% to 2% of the general 
population. The major sources of food allergens are eggs, 
milk, peanuts, and soy, which are responsible for about 80% 
of the hypersensitivity reactions caused by foods. The 
severity of reactions to peanuts and difficulties in avoidance 
of peanut-containing products necessitates development of 
new methods of prevention, diagnosis and treatment of 
peanut hypersensitivity. The mechanism of food 
hypersensitivity involves IgE mediated reactions. IgE 
production is affected by genetic predisposition, by the 
history of exposure to the allergen, and by the nature the 
allergen itself. It is not known at the present time why some 
antigens elicit strong allergenic response, whereas others are 
not allergenic. Identification and characterization of 
allergens is important for understanding their role in 
development of food hypersensitivity. 

Ara h 2, a major peanut allergen, is recognized by serum IgE 
from more then 95% of peanut-sensitive patients. In 
previous work we identified 10 linear IgE binding epitopes 
on this protein, and determined amino acids critical for IgE 
binding in each of these epitopes. This report is focused on 
modulation of the allergenicity of the Ara h 2 protein by site- 
directed mutagenesis of its IgE binding epitopes. 
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Figure 4i 

EXPRESSION AND PURIFICATION OF 
RECOMBINANT Ara h 2 PROTEINS 



The cloned wild type or mutated Ara h 2 genes were used to produce 
recombinant Ara h 2 proteins. The portion of Ara h 2 sequence 
excluding the first 54 nucleotides, which encode the signal peptide 
was amplified by PCR. The PCR product was ligated to the EcoRI- 
NotI sites of pET 24 (a). This vector encodes a T7-tag at the N- 
terminus and His-tag at the C-terminus of expressed fusion proteins. 
E.coh BL21(DE3) cells were transformed with the Ara h 2 constructs 
and exponentially growing cells were induced with 1 mM IPTG Cells 
were pelleted and the recombinant Ara h 2 proteins were purified bv 
affinity chromatography on a nickel-resin column. 

Panel A, Schematic representation of recombinant Ara h 2 protein 
expression in E.coli 

Panel B, SDS-PAGE of fractions, obtained during purification of 
recombinant Ara h 2 proteins on the Ni-colunin: lane 1-cell lysate, 
lane 2-unbound fraction, lane 3-20mM imidazole wash fraction ' 
lanes 4-6- lOOmM imidazole elution fractions. 



Figure 37 
IgE BINDING OF rAra h 2 
PROTEINS IN WESTERN BLOT 

ANALYSIS 



Equal amounts of purified wild type and mutated Ara h 2 
proteins were separated by gradient (4-20%) PAGE and 
electrophoretically transferred onto nitrocellulose paper. The 
blots were incubated with antibody directed against N-terminal 
T7-tag or serum from peanut sensitive patients. 

Panel A, Western blots of WT (10 wild type epitopes), MUT4 (6 
wild type epitopes), and MUT10 (0 wild type epitopes) incubated 
with T7 tag antibody or patient serum 



Panel B, IgE binding of mutated rAra h 2 proteins compared to 
the WT in Western blot analysis by individual patient sera. 
Laser densitometer was used to quantitate relative IgE binding. 
Each line represents IgE binding for the individual patient. 



CONCLUSIONS 



Allergenicity of a recombinant Ara h 2 protein, expressed 
and purified from E. coli is comparable to that of the native 
protein, as shown by IgE binding in Western blot and 
inhibition analyses and T-cell proliferation assays 

Linear epitopes play a major role in IgE binding of a peanut 
allergen, Ara h 2, and single amino acid mutations in each 
epitope may result in loss of IgE binding. 

T-cell epitopes may be affected by mutagenesis of 
overlapping IgE binding epitopes 



PERSPECTIVES 



• Improved diagnostics using recombinant allergens 

• Immunotherapy with modified, "hypoallergenic" forms of 
allergens 



• Development of transgenic crops with decreased 
allergenicity 
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Mutational Analysis of the IgE-Binding Epitopes of the Peanut 
Allergen, Ara h 3: a Member of the Glycinin Family of Seed-Storage 
Proteins. P. Rabjohn, 2 AW. Burks, 3 HA. Sampson, and »GA. Bannon. 
Dept. of Biochemistry and Molecular Biology and Pediatrics, University 
of Arkansas for Biomedical Sciences, Little Rock, AR 72205; 3 Dept of 
Pediatrics, MtSinai Medical School, New York, NY 10029 



Peanut allergy is a significant IgE-mediated disease affecting both 
children and adults. We have previously reported the cloning of the 
cDNA encoding a third peanut allergen, Ara h 3, with significant 
homology (70-80%) to the glycinin family of seed-storage proteins. The 
recombinant form of this protein was expressed in a bacterial system and 
was recognized by serum IgE from - 45% (8/18) of our peanut-allergic 
patient population. Serum IgE from these patients and overlapping 
synthetic peptides were used to map the linear, IgE-binding epitopes of 
Ara h 3. Four epitopes, between 10-15 amino acids in length, were found 
within the primary sequence, with no obvious sequence motif shared by 
the peptides. One epitope appears to be immunodominant within the Ara 
h 3 population, in that it is recognized by all Ara h 3 - allergic patients 
Mutational analysis of the epitopes revealed that single amino acid 
changes within these peptides could lead to a reduction or complete loss of 
IgE-binding. The location of the epitopes within the primary sequence of 
the protein is favorable for mutagenesis. None of the epitopes reside 
within the basic subunit, shown previously in soybean to be important for 
oligomer assembly, a requisite step in the ability of glycinins to function 
as seed-storage proteins. Also, all 26 invariant amino acids, thought to be 
important for the structural conservation of glycinins, lie outside of the 
IgE-binding epitopes. The elucidation of the major IgE-binding epitopes 
on Ara h 3 and the determination of which amino acids within these 
epitopes are critical for IgE-binding provides the information necessary to 
alter the Ara h 3 cDNA to encode a non-allergenic glycinin that retains its 
ability to function as a seed-storage protein. 
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INTRODUCTION 



™,nti« T gy 18 * ma J or health concern due to the severity of the allergic 

Z the ^. Pe T St6nCe ° f aUergiC reSp ° nSe «* Hfetime of the indrv £ff 

and the ubiquitous use of peanut as a protein supplement in processed foods 
Approximately 1-3% of the USA population suffers from some fo Jof foo^ ^altrgy 

chi 2 !^ adults > wlule P eanuts > mi *» and eggs account for the majority of reactionl b 

often ™ ? 6 ™ C IT, t0 P T ? iS g6nerally m0re severe tbe reaction to other foods 
often resulting in fatal anaphylaxis. While most children outgrow allergies to milk and 

Cvfrr^r alIe ; g,CS PerSiS l int ° adUlth °° d ' ^ the -tire'ifetime of the inXiduJ 
Currently avoidance is the only treatment for patients with peanut allergies 

acddS t' 6 m : 1USi0n ,° f PCanUt 38 3 Pr0t6in SU PP lement in P rcc - sed foods S 
accidental consumption almost inevitable. Despite the prevalence of peanut 

hypersensitivity in children and an increasing number of deaths each year from peanut 

mduced anaphylaxis, the identification and characterization of unique, clinicanyile^t 

allergens from peanut is incomplete, limiting our understanding of their role Tthe 

immunobiology of hypersensitivity reactions. 

aller 2 en W Irahl ^rl™^ I £ orted , 1he ^ of the *>NA encoding a third peanut 
svste^n^ 1 ^ombinant form of this protein has been expressed in a bacterial 

system and is recognized by serum IgE from 44% (8/18) of our peanut hypersensitive 
patient population. The linear, IgE-binding epitopes and the criLl rerfdE^K 

of tne fir' hy r hing Synth6tic Peptides renting the primary sequence 

of the allergen with serum from Arah 3 -allergic individuals 4 

tr,n,fnl he f 8 ° al °/ ^ " t0 Create a gene can be used both plant 

transformation and immunotherapeutic purposes. The elucidation of the major IgE- 
bindmg epitopes on Ara h 3 and the determination of which amino acids within these 
epitopes are critical for IgE-binding provides the information necessary to alterThe Ara h 
3 gene by site-directed mutagenesis to encode a protein that escapes IgE recognition. 
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fnT-H , I ™ m " nob J° t of P urifi ^ recombinant Ara h 3 with serum IgE from 

L nroto P t ' ^ CDNA enC ° ding ^ h 3 WaS ex P ressed -ntrol of the T " 
60 £l7 f ^ SyStCm - ^ A " R repreSent recombinant Ara h 3 (~ 

h^^nc P t° ^ T Semm §E fr ° m indiYidual patients ™* documented peanut 
form of * a* ■ APP™™«tdy 45% (8/18) of the patients recognized the recombinant 

SruL Ta^S aller f^ LanC S repreSentS recombi ^ Protein probed with a poo 
nfobe^l f P eanut " aller g lc P atients > w hik lane T represents recombinant protein 
probed with serum from a non-peanut-allergic individual with elevated IgE levels 




Figure >l Multiple IgE-binding regions identified on the Ara h 3 allergen. A) The 

Ara h 3 primary sequence was synthesized as 15 amino acid-long peptides offset from 
each other by eight residues. These peptides were probed with a pool of serum IgE from 
peanut-hypersensitive patients. The position of the peptides within the Ara h 3 protein 
are indicated on the left-hand side of A. (+) indicates an immunodominant peptide from 
Ara h 2 that served as a positive control, while (-) indicates a peptide synthesized to serve 
as a negative control. B) The amino acid sequence of the Ara h 3 protein is shown. The 
shaded areas (R1-R4) correspond to the IgE-binding regions shown in the upper panel. 
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Figure ^Identification of a core IgE-binding epitope on the Ara h 3 allergen. 

Detailed epitope mapping was performed on IgE-binding regions identified in Figured) 
by synthesizing overlapping peptides fifteen amino acids in length offset from the 
previous peptide by two residues. These peptides were probed with a pool of serum IgE 
from 8 patients previously shown to recognize recombinant Ara h 3.v The data shown 
represents amino acids 299-321. (B) The amino acid sequence (residues 299-321) of 
Ara h 3 that was tested in A is shown. Residues in beklfeesrcorrespond to common IgE- 
binding amino acids of the spots shown in A. ^'1 V ^JU_JL a^Ju^ 



TABLE I O 
Ara h 3 IgE-Binding Epitopes 8 



Epitope AA Sequence Ara h 3 Position % recognition 

<D VL I ET WN PNNQE FEC AG 




IETWNPNNQEFECAG 33-47 25% 

SgFTPEFLEQA 240-254 38% 

LRILSPDRK 279-293 100 



?£R§^ EYDEEDRRRG 303-317 38% 

a The Ara h 3 IgE-binding epitopes are indicated as the single letter amino acid codeT The ^ 
position of each peptide with respect to the Ara h 3 protein coding sequence is indicated. 
The percent recognition is the percentage of patients previously shown to recognize 
recombinant Ara h 3 whose serum IgE recognized that particular synthetic epitope. 



9T 




Figure 7? Ara h 3 epitopes can be mutated to non-IgE-binding peptides. Epitope 4 
was synthesized with an alanine residue substituted for one of the amino acids at each 
position in the peptide. The synthesized peptides were probed with a pool of serum IgE 
from peanut hypersensitive patients whose IgE has previously been shown to recognize 
this peptide. The letters across the top of each panel indicate the one-letter amino acid 
code for the residue normally at that position and the amino acid substituted for that 
residue. The numbers indicate the position of each residue in the Ara h 3 protein.. WT 
indicates the wild-type peptide with no amino acid substitutions. 




Table 11 

Amino Acids Critical to IgE-Binding a 

Epitope AA Sequence Ara h 3 Position 

1? IV IETWNPNNQEFECAG 33-47 

LXl^%J^«Kb ^2^Ii^ TPE SEQA 240-254 

U M0'.3T S^^CT^^LRILSPDRK 27 9-2 93 



303-317 



^Tie Ara h 3 fgE-binaUngepitOTes are indicated as the single 
letter amino acid cod^The^poStion of each peptide with 
respect to the Ara h 3 primary sequence is indicated in the 
right-hand column. The amino acids that, when altered, led 
to a decrease in IgE-binding are shown as the bold, underlined 
residues. 
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Figure ^Recombinant expression and Western blot analysis of the Ara h 3 mutant 

A) The Ara h 3 cDNA was mutated by PCR to encode alanine for one critical residue 
within each epitope. The cDNA encoding the 40 kD acidic chain of the 1 IS legumin-like 
storage protein was placed under the control of the T7 lac promoter and expressed in a 
bacterial system. The WT recombinant Ara h 3 protein refers to the 60 kD 
preproglobulin consisting of covalently attached 40 kD (acidic) and 20 kD (basic) 
proteins. Both the mutated and wild-type recombinant proteins were purified by Ni 2+ 
column chromatography. B) The proteins represented in (A) were blotted to 
nitrocellulose and probed with serum IgE from three patients previously shown to 
recognize recombinant Ara h 3. As seen from the blot, the mutated Ara h 3 40 kD protein 
was not recognized by serum IgE from the Ara h 3 - allergic patients. 
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Table 12- Ara h 2 purification from crude peanut 



Ji 




extracts. 








Total protein 
(mg) 


Ara h 2 
(Mg) 


Fold <r 
Enrichment 


% Yield 


Crude lysate 


20,000 


500 






(N H 4 ) 2 S0 4 


500 


200 


16 


40 


High prep 
DEAE 


150 


115 


31 


23 


Phenyl 
Sepharose 


77 


75 


39 
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